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OutlineOutline
Very brief overview of rare Very brief overview of rare leptonicleptonic B decays B decays 

BB→→llνν, B, B→→ll++ll--, B, B→νν→νν, B, B→→XXs,ds,dνννν
Purely Purely leptonicleptonic decay Bdecay B→τν→τν

Overview of BOverview of B→τν→τν searches at searches at BaBarBaBar on 81.9 fbon 81.9 fb--11

onon--resonance data  (submitted to PRL)resonance data  (submitted to PRL)
Search for BSearch for B→τν→τν recoiling against recoiling against hadronichadronic BB
Search for BSearch for B→τν→τν recoiling against Drecoiling against D00llννX X 

Focus on search for BFocus on search for B→τν→τν recoiling against Drecoiling against D*0*0llνν
on 210.6 fbon 210.6 fb--1 1 onon--resonance dataresonance data
New methodNew method
Future prospects and sensitivityFuture prospects and sensitivity

SummarySummary
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Rare Rare LeptonicLeptonic B Decays in the SMB Decays in the SM
LeptonicLeptonic decays Bdecays B→→llνν, B, B→→ll++ll--, B, B→νν→νν, B, B→→XXs,ds,dνννν
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Electroweak penguin and W box diagram Electroweak penguin and W box diagram 
Flavor Changing Neutral Current (FCNC)Flavor Changing Neutral Current (FCNC)
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Suppression in the SMSuppression in the SM
CKM matrix elementsCKM matrix elements relative magnitudes
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CKM suppression: BR(BCKM suppression: BR(B→→llνν) ) ∝∝ |V|Vubub||22

FCNC processes: BFCNC processes: B→→ll++ll--, X, Xs,ds,dνννν involve involve VVtdtd or or VVtsts

|Vub| ~ 4×10-3

HelicityHelicity suppression : Purely suppression : Purely leptonicleptonic decaysdecays
B+ νl+

( ) 2
lmlBBR ∝→ ν
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SM Branching Ratio ExpectationSM Branching Ratio Expectation
Rare Rare leptonicleptonic decay modes searched at decay modes searched at BaBarBaBar

4.24.2××1010--77BB++→µ→µ++νν
∝∝ (m(mνν/m/mBB°°))22
∝∝ |V|Vtdtd||22/|V/|Vtsts||22

--
1.01.0××1010--1010
2.42.4××1010--1515

SM PredictionSM Prediction

BB→νν→νν

BB++→→KK++νννν
BB00→→ee±±µµ++
BB00→µ→µ++µµ--

BB++→π→π++νννν

BB00→→ee++ee--
Decay ModeDecay Mode

62.1
6.0 108.3 −+

− ×

Note: B+→τ+ν not included here, will be discussed in 
detail later
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Physics Beyond the SMPhysics Beyond the SM
New physics contribution New physics contribution ⇒⇒ significantly modify SM significantly modify SM 
predicted ratespredicted rates
Example: enhancement of BR(BExample: enhancement of BR(B→µ→µ++µµ--).                                          ).                                          
(MSSM with Modified Minimal Flavor violation, Phys. Rev D 66, 07(MSSM with Modified Minimal Flavor violation, Phys. Rev D 66, 074021 (2002))4021 (2002))

BR(BBR(B→µ→µ++µµ--) can be enhanced up to 10) can be enhanced up to 10--77
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H0, h0, A0, G0 are Higgs and 
would-be-Goldstone Bosons

(Preliminary, B. Abbott, SLAC Seminar)(Preliminary, B. Abbott, SLAC Seminar)BR(BBR(B→µ→µ++µµ--) < ) < 4.94.9××1010--88 at 95% CLat 95% CLCDF:CDF:

(PRL 93, 032001 (2004))(PRL 93, 032001 (2004))BR(BBR(B→µ→µ++µµ--) < ) < 1.51.5××1010--77 at 90% CLat 90% CLCDF:CDF:
(PRD 68, 111101 (2003) )(PRD 68, 111101 (2003) )BR(BBR(B→µ→µ++µµ--) < ) < 1.61.6××1010--77 at 90% CLat 90% CLBelle:Belle:

(Sub. to PRL, hep(Sub. to PRL, hep--ex/0408096)ex/0408096)BR(BBR(B→µ→µ++µµ--) < ) < 8.38.3××1010--88 at 90% CLat 90% CLBaBarBaBar: : 
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Experimental Status: Experimental Status: 
Rare Rare LeptonicLeptonic B Decays at B Decays at BaBarBaBar

-1410 -1110 -810 -510 -210 1
BF

-e+e→0B
-µ+µ→0B

µe→0B

νν+K→+B

νν+π→+B

ν+µ→+B

νν→0B

SM
BABAR

(90% limit)

Note: B+→τ+ν not included here, will be discussed in detail later
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B→τν
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SM Theoretical Prediction SM Theoretical Prediction 

Standard Model (SM) branching ratioStandard Model (SM) branching ratio
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VB meson decay constant.
⇒ describes the
overlap of the quark wave-
functions inside the meson

Helicity suppressed
τ : µ : e = 

1 : 5×10-3 : 1×10-7
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The SM estimate using 2004 PDG values:The SM estimate using 2004 PDG values:

BRBRSMSM(B(B→τν→τν) is within the current experimental reach ) is within the current experimental reach 

(9.8(9.8±±4.1)4.1)××1010--1212BRBRSMSM(B(B→→eeνν) ) ==
(4.2(4.2±±1.7)1.7)××1010--77BRBRSMSM(B(B→µν→µν) ) ==
(9.3(9.3±±3.9)3.9)××1010--55BRBRSMSM(B(B→τν→τν) ) ==

(3.67(3.67±±0.470.47))××1010--33||VVubub|=|=
(0.196(0.196±±0.0320.032)) GeVGeVffBB ==

Relatively large uncertainty (~40%) in the SM prediction Relatively large uncertainty (~40%) in the SM prediction 
⇒⇒ uncertainties in the values of uncertainties in the values of ffBB (~16%) and |(~16%) and |VVubub| (~13%)| (~13%)

SM Branching Ratio ExpectationSM Branching Ratio Expectation
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ffBB MeasurementMeasurement
Provide direct measurement of BProvide direct measurement of B--mesonmeson decay constant decay constant ffBB
(Given measurement of |(Given measurement of |VVubub| from semi| from semi--leptonicleptonic decays)decays)

Currently value of Currently value of ffBB is only know from theoretical calculationsis only know from theoretical calculations

Uncertainty in Uncertainty in ffBB is a significant limitation on the extraction of is a significant limitation on the extraction of 
||VVtdtd| from precision B| from precision B00BB00 mixing measurements. mixing measurements. 

( ) 2
0

22
2

2

6 tdtBBWBB
F

d VxSBfmmGm η
π

=∆

fB = 0.196 ± 0.032 GeV
(PDG 2004, Lattice QCD)

~16% error on fB

~19% 
uncertainty 

on |Vtd| 

World average of ∆md
(0.502±0.006) ps-1

~1.2% error (HFAG, hep-ex/0412073)

BB=1.26±0.10 
~8% error      
(PDG 2004, 

Lattice QCD)
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Constraints on CKM ElementsConstraints on CKM Elements
ExtractExtract ||VVubub| / || / |VVtdtd|| from BR(Bfrom BR(B→→llνν)/)/∆∆mmdd
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The ratio is independent of fB  ⇒ ~4% theoretical 
uncertainty on |Vub|/|Vtd|
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Constraints on CKM Elements (ContConstraints on CKM Elements (Cont’’))
Unitarity condition of CKM 

matrix in the SM leads to 
triangle relations in the complex 
plane

),( ηρ
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BR(BBR(B→→llνν)/)/∆∆mmdd ∝∝ |V|Vubub||22/|V/|Vtdtd||22 ⇒⇒ map out allowed zone in the map out allowed zone in the 
plane of plane of WolfensteinWolfenstein ρρ and and ηη parameters.parameters.
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Physics Beyond the SM for BPhysics Beyond the SM for B→→llνν
Sensitive to contribution from physics beyond SMSensitive to contribution from physics beyond SM

In two Higgs doublet model (type II) In two Higgs doublet model (type II) (Phys. Rev. D. 48, 2342 (1993))

+W+, H+

( )
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2
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
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



−×→=→

±

±

H

B
SM m

m
BBRBBR βνν ll

tantanββ is the ratio of vacuum expectation values for two Higgs doubletis the ratio of vacuum expectation values for two Higgs doublets.s.

Provide important constraints onProvide important constraints on

Modification of the SM rate depends on the values of tanModification of the SM rate depends on the values of tanββ and and 
mmHH ⇒⇒ for for mmHH = 140 = 140 GeVGeV, tan, tanββ = 40, = 40, factor of  ~1.6 enhancement

±Hm/tan β

factor of  ~1.6 enhancement
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BB++→τ→τ++νν Searches at Other ExperimentsSearches at Other Experiments
Existing upper limits at 90% CL from other experimentsExisting upper limits at 90% CL from other experiments

-410 -310 -210

ALEPH (1994)

CLEO (1995)

L3 (1997)

DELPHI (2000)

CLEO (2000)

)
-1

Belle prelim (2004, 140 fb

)ντ→BF(B

Y
ea

r SM

2H
D

M
-II

=
40)

β
=

140G
eV

, tan
H

(m
Preliminary (2004), on 140 fbPreliminary (2004), on 140 fb--11 onon--
resonance data (hepresonance data (hep--ex/0408144)ex/0408144)BR(BBR(B→τν→τν) < ) < 2.92.9××1010--44Belle:Belle:

(Phys. (Phys. LettLett. B 396, 327 (1997)). B 396, 327 (1997))BR(BBR(B→τν→τν) < ) < 5.75.7××1010--44L3 (LEP): L3 (LEP): 
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Search for BSearch for B++→τ→τ++νν
at at BaBarBaBar



FNAL, 04/26/2005FNAL, 04/26/2005 1717

PEPPEP--II Asymmetric BII Asymmetric B--Factory at SLACFactory at SLAC

e– e+
ϒ(4S)

9 GeV e- and 3.1 GeV e+

Asymmetric beam energies

Operates at ϒ(4S) resonance 
(10.58 GeV) 

ϒ(4S)→B0B0 or B+B- pairs

B-mesons at lab have βγ=0.56

B-mesons almost at rest in the 
ϒ(4S) center-of-mass frame

nb1.1))4(( ≈→Υ→−+ BBSeeσ
nb4.3),,, ;( ≈=→−+ csduqqqeeσ
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PEP-II Luminosity Performance
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~0.5 ab-1

2008
~1 ab-1

Data 
doubled

Doubled again
89×106 BB
82 fb-1 on-

peak data for 
B→τν search

232×106 BB
211 fb-1 on-
peak data 
for B→τν

search

Best Performance
PEPII peak Luminosity:
9.213x1033 cm-2 sec-1

Integrated Luminosity:  
in 24 hours: 710.5 pb-1
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The The BaBarBaBar DetectorDetector

DIRC (PID)
144 quartz bars

11000 PMs

1.5 T solenoid
EMC

6580 CsI(Tl) crystals

Drift Chamber
40 stereo layers

Instrumented 
Flux Return

(muon / neutral 
hadrons)

Silicon Vertex Tracker
5 layers, double sided 

strips

e+ (3.1 GeV)e- (9 GeV)

SVT:           97% efficiency, 15 mm z hit resolution (inner layers, perp. tracks)
SVT+DCH: σ(pT)/pT = 0.13 % × pT + 0.45 % 
DIRC:          K-π separation 4.2 σ @ 3.0 GeV/c 2.5 σ @ 4.0 GeV/c 
EMC:           σE/E = 2.3 %⋅E-1/4 ⊕ 1.9 %
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A A BaBarBaBar EventEvent
Both of the B 
mesons in the 
event are 
reconstructed

B-→D*0µ-ν
→D0γ

→K-π+π0

B+→D*0e+ν
→D0γ

→K+π-π+π-

γ

γ
π+

π0
π+ π- π-

Relatively clean 
environment.
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Analysis StrategyAnalysis Strategy
In BIn B--factory environmentfactory environment

ee++ee-- →→ ϒϒ(4S) (4S) →→ BB++BB--

BB++→τ→τ++νν, B, B--→→XX

Main τ decay modes
τ→eνν, µνν
τ→πν, ππ0ν, πππν

ϒ(4S)B- B+
ντ

e+

ντ

νe

B+→τ+ντ,  τ+→e+νeντ

B-→X

Multiple neutrinos in the final state Multiple neutrinos in the final state ⇒⇒ very little experimental very little experimental 
constraintsconstraints

Reconstruct one of the B meson in the eventReconstruct one of the B meson in the event

Compare the remaining particles in the event with the Compare the remaining particles in the event with the 
signature expected for the signal decay.signature expected for the signal decay.

A relatively new technique A relatively new technique ⇒⇒ exploits high luminosities at the B factoriesexploits high luminosities at the B factories
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Tag BTag B
Reconstruct one of the BReconstruct one of the B--mesons, referred as the mesons, referred as the “tag “tag BB””, in , in 
semisemi--leptonicleptonic or or hadronichadronic decay modesdecay modes

B-→D(*)0 l- ν (l = e, µ)                
D0

K- π+

K- π+ π 0

K- π+ π- π+

K0
s π+ π-Se

m
i-l

ep
to

ni
c

Ta
g 

B

B- → D(*)0 X-
had

D0

K- π+

K- π+ π0

K- π+ π- π+

K0
s π+π-

X-
had = n1π± + n2K± + n3π0 + n4K0

s
(n1=1,..5, n2=0,..2, n3=0,..2, n4=0,1)

H
ad

ro
ni

c
Ta

g 
B

−B
b

u
,..., 0*0 DD

c
−W

u

qq ′− ,ll ν

−B
b

u
,..., 0*0 DD

c
−W

u

qq ′− ,ll ν
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Signal SideSignal Side
The recoil of the tag B is referred as the The recoil of the tag B is referred as the “signal side” “signal side” 
Identify Identify leptonicleptonic and major and major hadronichadronic ττ decay modes in the signal decay modes in the signal 
side side ⇒⇒ ~80% of ~80% of ττ BR.BR.

9.12 9.12 ±± 0.100.10τ→πππντ→πππν
25.42 25.42 ±± 0.140.14τ→ππτ→ππ00νν
11.06 11.06 ±± 0.110.11τ→πντ→πν
17.36 17.36 ±± 0.060.06τ→µνντ→µνν
17.84 17.84 ±± 0.060.06τ→τ→eeνννν

BR (%)BR (%)

e+

D(*)0

l (or Xhad)

Tag B

Signal side
All visible charged 
and neutral particles

τ decay modes used

e-
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Signature of BSignature of B++→τ→τ++νν Decay in the Signal SideDecay in the Signal Side
B→τν decays produce small number of tracks and neutrals.
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side neutrals with E>30 MeV
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Three types of tag B are used Three types of tag B are used 
HadronicHadronic B Tags B Tags 
DD00llννXX Tags (Tags (X=π0, γ or nothing)
DD*0*0llνν Tags Tags (New)(New)

Next :

Brief overview of the first two methods

Focus on the new analysis method using D*0lν tags
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Search for BSearch for B++→τ→τ++νν using using HadronicHadronic B TagsB Tags

Fit for background and signal in beam energy substituted mass 
(mES) distribution to obtain reconstructed B yield:

81.9 fb-1

Signal τ modes
τ→eνν, µνν and τ→πν, ππ0ν, πππν

Submitted to PRL (hep-ex/0407038)

Tag B reconstructed in a set of hadronic final states

BB-- →→ DD(*)0(*)0 XX--
hadhad,, DD*0*0→→DD00ππ00

DD00

KK-- ππ++

KK-- ππ++ ππ00

KK-- ππ+ + ππ-- ππ++

KK00
ss ππ++ππ--

X-
had = n1π± + n2K± + n3π0 + n4K0

s
(n1=1,..5, n2=0,..2, n3=0,..2, n4=0,1)

(167.8 (167.8 ±±1.21.2statstat ±±3.03.0systsyst))××101033

Signal 
RegionSideband 

Region

( ) ( )22*2* /cGeVPEm BbeamES −=
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Physics Results :Physics Results : HadronicHadronic B TagsB Tags
81.9 fb-1

151517.217.2±±2.12.1±±1.31.310.510.5±±0.20.2allall
7710.010.0±±1.61.6±±1.31.32.0 2.0 ±± 0.10.1ππππ00νν
444.34.3±±1.01.0±±0.30.30.6 0.6 ±± 0.10.1πππνπππν
221.31.3±±0.60.6±±0.20.22.6 2.6 ±± 0.10.1πνπν
000.90.9±±0.50.5±±0.10.11.9 1.9 ±± 0.10.1µννµνν

220.70.7±±0.40.4±±0.10.13.4 3.4 ±± 0.10.1eeνννν

ObsObs..
EventsEvents

Expected Expected 
BackgroundBackground

SignalSignal--side side 
Efficiency (%)Efficiency (%)

ModeMode

Submitted to PRL (hep-ex/0407038)

Branching fraction upper limit
BR(B→τν) < 4.2 × 10-4 at 90% CL

Use statistical techniques based on Higgs searches at LEP.
(A. L. Read, J. Phys. G28, 2693 (2002) )

Expect ~1.8 signal events, for BR(B→τν)=10-4
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Search for BSearch for B→τν→τν using using DD00llννXX TagsTags
81.9 fb-1Submitted to PRL (hep-ex/0407038)

Tag side:  D0lνX , where X=π0, γ or nothing. 

D0→Kπ , Kππ0, Kπππ, Ksππ

Signal side: τ→ (e, µ)νν

Total selection efficiency    (4.19 ± 0.31stat ±0.36syst)×10-4

Branching fraction upper limit

BR(B→τν) < 6.7 × 10-4 at 90% CL

DD00llννXX tag sample is combined with statistically independent tag sample is combined with statistically independent 
hadronichadronic tag B sample. Combined upper limit submitted to PRLtag B sample. Combined upper limit submitted to PRL

BR(B→τν) < 4.2 × 10-4 at 90% CL
To improve the sensitivity of the search a new analysis is performed 

using a cleaner subset of the D0lνX tags.
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Search for BSearch for B→τν→τν using using DD*0*0llνν Tags Tags 
B- D*0 l- ν (l = e, µ) 

D0 π0/γ
K- π+

K- π+ π0

K- π+ π- π+

K0
s π+ π-

Tag B reconstructed in 
exclusive semi-leptonic
decay modes, D*0lν, a 
cleaner subset of the D0lνX 
tags. ~3.4% of the B-

meson BR

210.6 fb-1

On the signal side, both On the signal side, both leptonicleptonic and major and major hadronichadronic ττ decay decay 
modes are identifiedmodes are identified ⇒⇒ ~80% of ~80% of ττ BRBR

Signal τ decay modes
τ→eνν, µνν
τ→πν, ππ0ν, πππν
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DD*0*0llνν Tags : Pros and ConsTags : Pros and Cons
Disadvantage : reduction of tag B reconstruction efficiencyDisadvantage : reduction of tag B reconstruction efficiency
Advantages:Advantages:

Cleaner signal sideCleaner signal side
DD00llννX: signalX: signal--side can contain neutrals from tag B decayside can contain neutrals from tag B decay
DD*0*0llνν:  all the neutrals from tag B are removed :  all the neutrals from tag B are removed ⇒⇒
improves separation between signal and improves separation between signal and 
backgroundbackground

Better signal to background ratio in Better signal to background ratio in leptonicleptonic ττ modesmodes
Include Include hadronichadronic ττ decay modes decay modes ⇒⇒ Compensate for the Compensate for the 
relatively lower tag B reconstruction efficiencyrelatively lower tag B reconstruction efficiency

DD00llννX: X: hadronichadronic ττ modes are not included due to high modes are not included due to high 
background levelbackground level
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DD*0*0llνν Tag ReconstructionTag Reconstruction
210.6 fb-1

Mass difference between D*0-D0 (∆M) provides strong kinematic
constraint.
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DD*0*0llνν Tag Reconstruction (ContTag Reconstruction (Cont’’))

Lepton P* > 1 GeV

Lepton and D0 daughter tracks satisfy appropriate particle ID

Net event charge = 0

( )
lDB

lDBlDB
lDB pp

mmEE

0*

0*0*

0*

2
2

cos
22

, rr
−−

=θ

-1.1< cosθB,D*°l < 1.1

BP
r

lDP 0*

r

νP
r

BP
r

lDP 0*

r

νP
r

εtag = ( 1.751 ± 0.071 (stat.) ± 0.053 (syst.) )×10-3
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BB++→τ→τ++νν Signal SelectionSignal Selection
Signal Signal ττ is identified in one of the six selection is identified in one of the six selection 
modesmodes

(1)(1) eeνννν
(2)(2) µννµνν
(3)(3) πππνπππν
(4)(4) πνπν
(5)(5) ππππ00νν
(6)(6) Failed Particle ID (PID) Failed Particle ID (PID) 
No overlap of events among selection No overlap of events among selection 
modesmodes
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BB++→τ→τ++νν Signal SelectionSignal Selection (Cont(Cont’’))

eνν Selection
One signal-side track
Signal track satisfies e ID, fails µ

and K ID
P* of e < 1.4 GeV/c

µνν Selection
One signal-side track
Signal track satisfies µ ID, fails e 

and K ID
P* requirement not applied

P* distribution of signal muon 
satisfying particle ID peaks ~1 GeV/c
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BB++→τ→τ++νν Signal Selection (ContSignal Selection (Cont’’))

πν Selection
One signal side track
No signal-side π0

Signal track fails e, µ and K ID
Signal track P*>1.2 GeV/c
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πππν Selection
Three signal-side tracks
Signal track satisfies π ID, fails e, µ, K ID
P* of 3π > 1.0 GeV/c. 
Intermediate a1

± resonance
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One signal side charged track
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Signal track fails e, µ and K ID
Intermediate ρ± resonance
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BB++→τ→τ++νν Signal Selection (ContSignal Selection (Cont’’))
Low muon identification efficiency for muons from µνν

Signal track P* for Failed PID mode
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BB++→τ→τ++νν Signal Selection (ContSignal Selection (Cont’’))
Signal defining quantity : Eextra = Σ ENeutral (>30MeV)

ENeutral is the lab energy of any neutral, not associated with the tag B 
or the  signal side (τ→ππ0ν selection).
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Eextra in signal :
beam-background, 
hadronic split-offs, 
bremsstrahlung etc

Blinding applied 
to Eextra<0.35 GeV
region in on-peak 
data 
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Failed PIDFailed PID
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BackgroundBackground
Main source of background is BMain source of background is B++BB--

Tag B correctly reconstructed, Undetected particles on the signaTag B correctly reconstructed, Undetected particles on the signal l 
side : Kside : KLL and/or neutrino, frequently tracks and (or) neutrals pass and/or neutrino, frequently tracks and (or) neutrals pass 
outside detector acceptance.outside detector acceptance.

Continuum events (eContinuum events (e++ee--→→uuuu, , dddd, , ssss, cc, , cc, ττ++ττ--) in ) in 
hadronichadronic ττ modesmodes

-B+B

0B0B

cc

s, sd, duu
-τ+τνπ→τ

-B+B 0B0B

 -τ+τ

ννe→τ
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Continuum Background SuppressionContinuum Background Suppression
e- e+

B decays (CM): isotropic

Continuum background jet-like,           
BB events isotropic

Event shape variables 
• Fox Wolfram moment
• cosθT : Cosine of the angle between the 
thrust axis of tag B and the thrust axis of 
the signal side 

e- e+

Continuum (CM): jet-like

Kinematic variables for continuum suppression  
P* of the D*0

P* of the primary lepton
( )

lDB

lDBlDB
lDB pp

mmEE
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2
2
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22

, rr
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=θ
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Continuum Background Suppression (Cont’)Continuum Background Suppression (Cont’)
Two event shape variables and three kinematic variables are 
combined in a Fisher.
Selects 93% of signal, rejects ~37% of continuum background
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Validation of Fisher output on 
“double-tag” control sample
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SignalSignal--Side Selection EfficiencySide Selection Efficiency
Account for  

cross-feed among 
modes

Total signal-side 
efficiency for each 
selection 

εi
j is the efficiency of 

the selection i for the 
MC τ decay mode j,   
fj = BR(τ→mode j)

j

n

j

j
ii f

decay

∑
=

=

=
8

1
εε

1.31.3
1.01.0
2.02.0
00

18.118.1
00
00
00
00

33πνπν

30.430.4ΣΣεεii

8.38.32.52.57.57.53.23.27.67.6Total (Total (εεii))

4.14.11.61.63.43.41.11.11.31.3OtherOther
0.30.300000000ππππππππ00νν

0.20.21.71.70.50.50000ππππ00ππ00νν

0.70.700000000πππνπππν

2.62.67.37.35.25.20000ππππ00νν

8.18.11.61.640.240.20.30.300πνπν

30.430.40.60.68.08.018.018.00.10.1µννµνν

6.96.90.20.21.31.30043.443.4eeνννν

Failed Failed 
PIDPID

ππππ00ννπνπνµννµννeeννννin MCin MC
Selection efficiency (%)Selection efficiency (%)DecayDecay

No systematic correction applied to efficiencies listed in the table
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Background Estimation Background Estimation 

EEextraextra side band:              side band:              
0.35 < 0.35 < EEextraextra< 1.0 < 1.0 GeVGeV

Count data events in Count data events in 
EEextraextra side bandside band

Extrapolate to the Extrapolate to the 
signal region, using the signal region, using the 
EEextraextra shape from MC.
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210.6 fb-1

Background Estimation (ContBackground Estimation (Cont’’))

0.60.6

1.11.1

3.73.7

3.33.3
1.41.4

3.33.3

Exp. Sig. Exp. Sig. 
BR(BBR(B→τν→τν))

=10=10--44

3.13.1±±1.51.5

7.87.8±±2.52.5

9.09.0±±2.52.5

6.36.3±±2.22.2
00

0.50.5±±0.50.5

udscudscττ

12.712.7±±1.81.8

15.015.0±±1.91.9

14.314.3±±1.91.9

12.012.0±±1.71.7
3.73.7±±1.01.0

8.68.6±±1.41.4

BB++BB--

34.234.27.27.2±±1.41.422.922.9±±2.72.720.520.5±±2.82.8πππνπππν

8.38.32.12.1±±0.70.725.425.4±±3.23.230.830.8±±4.64.6FailedFailed
PIDPID

23.023.02.42.4±±0.80.825.225.2±±3.23.225.325.3±±3.73.7ππππ00νν

8.08.04.54.5±±1.11.122.822.8±±3.03.026.426.4±±4.74.7πνπν

3.83.81.11.1±±0.50.54.84.8±±1.11.15.35.3±±1.41.4µννµνν

3.93.92.62.6±±0.80.811.711.7±±1.71.712.812.8±±2.32.3eeνννν

BkgBkg././
Sig.Sig.

BB00BB00BkgBkg. . 
MCMC

Data Data 
sideband sideband 

extrapolationextrapolation

SelectionSelection
ModeMode

No systematic correction is applied. All errors are statistical only.
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Validation of Validation of EEextraextra Simulation : Signal MC Simulation : Signal MC 
Validate Validate EEextraextra simulation in the simulation in the 
signal MC using signal MC using “double“double--tags”tags”

Double tagged eventsDouble tagged events
Reconstruction of the entire Reconstruction of the entire 
eventevent
Sources of neutrals contributing Sources of neutrals contributing 
to to EEextraextra in the doublein the double--tag are tag are 
similar as those in the signal MCsimilar as those in the signal MC

ll ll νν ++−− →⊕→ 0*0* DBDB
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BABAR
preliminary

210.6 fb-1

Reasonable dataReasonable data--MC agreement in MC agreement in EEextraextra distribution for doubledistribution for double--
tagged events tagged events ⇒⇒ validate the simulation of beamvalidate the simulation of beam--background, background, 
hadronichadronic splitsplit--offs, offs, bremsstrahlungbremsstrahlung etc. in the signal MCetc. in the signal MC
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Validation of Validation of EEextraextra Simulation: Simulation: 
Background Estimation

210.6 fb-1

Background Estimation
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Eextra (GeV) for events outside ∆M 
selection region containing one 

signal-side track 

Eextra shape from MC is used for 
background estimation 
Apply background estimation 
method on control samples:

Events outside ∆M selection 
region
Events with two signal side 
tracks
Events with non-zero net 
charge

Good agreement between expected 
and observed number of events
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Systematic UncertaintiesSystematic Uncertainties

Estimation of BEstimation of B++BB-- events in the data sample (1.1%) events in the data sample (1.1%) 
Uncertainties in signal efficiency determinationUncertainties in signal efficiency determination

Tag B reconstruction efficiency (2.9%)Tag B reconstruction efficiency (2.9%)
SignalSignal--side efficiency for each selection modeside efficiency for each selection mode

From ~2% to ~10% From ~2% to ~10% 

Uncertainties in background estimationUncertainties in background estimation
From ~4% to ~15%From ~4% to ~15%
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Systematic Uncertainty on SignalSystematic Uncertainty on Signal--side side 
EfficiencyEfficiency

10.210.2
3.33.3
5.55.5
3.13.1
5.65.6
3.33.3
2.02.0
2.02.0
2.62.6
1.51.5
2.42.4
1.31.3

EEextraextra

(%)(%)

ConditionsConditions
to 2004to 2004

Sep. 2003Sep. 2003
MC for  MC for  

conditionsconditions
Jun. 2003Jun. 2003
1999 to1999 to
MC for  MC for  

0.990.994.774.771.01.0--0.400.404.24.2πππνπππν

1.011.014.264.261.01.03.33.30.510.511.41.4ππππ00νν

1.081.083.273.271.01.0--0.970.971.41.4Failed PIDFailed PID
1.061.062.662.661.01.0--1.371.371.41.4πνπν

0.930.933.453.45----2.042.041.41.4µννµνν

0.970.971.921.92----0.140.141.41.4eeνννν

1.081.085.835.831.01.0--0.910.911.41.4Failed PIDFailed PID

1.01.0
1.01.0

1.01.0
--
--

FisherFisher
(%)(%)

1.031.0311.0811.08--0.350.354.24.2πππνπππν

1.021.024.994.993.33.30.430.431.41.4ππππ00νν

1.061.063.873.87--1.541.541.41.4πνπν

0.880.886.016.01--1.661.661.41.4µννµνν

1.011.013.603.60--0.280.281.41.4eeνννν

CorrectionCorrection
FactorFactor

Total Total SystSyst. . 
Error (%)Error (%)

ππ00

(%)(%)
PID PID 
(%)(%)

Tracking Tracking 
(%)(%)

Selection Selection 
ModeMode
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Systematic Uncertainty on Background Systematic Uncertainty on Background 
EstimationEstimation

ConditionsConditions
to 2004to 2004

Sep. 2003Sep. 2003
MC for  MC for  

conditionsconditions
Jun. 2003Jun. 2003
1999 to1999 to
MC for  MC for  

3.43.41.0571.057±±0.0360.036πππνπππν

4.84.81.0701.070±±0.0510.051ππππ00νν

5.55.51.0901.090±±0.0600.060Failed PIDFailed PID
2.72.71.0451.045±±0.0280.028πνπν

9.29.21.1441.144±±0.1060.106µννµνν

3.53.51.0271.027±±0.0360.036eeνννν

3.63.61.0791.079±±0.0390.039Failed PIDFailed PID

3.93.91.0561.056±±0.0410.041πππνπππν

5.45.41.2161.216±±0.0660.066ππππ00νν

5.65.61.0541.054±±0.0590.059πνπν

15.015.01.2321.232±±0.1850.185µννµνν

6.76.71.0601.060±±0.0710.071eeνννν

Systematic Systematic 
Error (%)Error (%)

Correction Correction 
FactorFactor

Selection Selection 
ModeMode

Estimation of Estimation of 
expected background expected background 
events in the signal events in the signal 
region depends on region depends on 
modeling of modeling of EEextraextra
variable in variable in 
background MC.background MC.
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UnUn--blinded blinded EEextraextra DistributionsDistributions 210.6 fb-1
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Physics ResultsPhysics Results 210.6 fb-1

πππνπππν
ππππ00νν

Failed PIDFailed PID
πνπν

µννµνν
eeνννν

ModeMode Observed Events in Observed Events in Expected Expected BkgBkg. . SignalSignal--side side 

2626
3131
4545
2626
55
1717

OnOn--peak Data (peak Data (NNobsobs))

27.6927.69±±5.005.00(7.96(7.96±±0.400.40±±0.260.26))

21.6221.62±±3.013.01(1.35(1.35±±0.160.16±±0.100.10))
28.6028.60±±4.304.30(2.51(2.51±±0.220.22±±0.110.11))
33.3633.36±±5.115.11(8.95(8.95±±0.430.43±±0.380.38))

6.176.17±±1.721.72(2.90(2.90±±0.220.22±±0.130.13))
13.3513.35±±2.402.40(7.49(7.49±±0.380.38±±0.200.20))

Events (Events (NNexpexp))Efficiencies (Efficiencies (εεii) %) %

(1.751(1.751±± 0.071 (stat.) 0.071 (stat.) ±±0.051 (0.051 (systsyst.) ).) )××1010--33εεtagtag==
(231.8(231.8±±2.6)2.6)××101066NNBBBB==

• Systematic corrections and errors are incorporated in the efficiencies and 
background estimations
• Dominant systematic errors from background estimations
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Limit Setting Procedure  Limit Setting Procedure  
((LEP Higgs method, A. L. Read, J. Phys. G28, 2693 (2002) )

Using a likelihood ratio estimator to combine different channelsUsing a likelihood ratio estimator to combine different channels ::
( )

( )bL
bsLQ +

= ( )
( )( ) ( ) ∏∏

=

−

=

+−

=
+

=+
channels ichannelsn iii n

i i

n
i

b

i i

n
ii

bs

n
bebL

n
bsebsL

11 !
,

!

itagBBi BBRNs εετν .)( →⋅=

Uncertainties on expected backgrounds are included in the likelihood definition 
by convoluting with a Gaussian G(bi,σbi). (L. Lista, NIM A 517, 360 (2004))

),()()(
ibiiiii bGbsLbsL σ⊗+→+

Branching fraction upper limit calculated by running toy MC for different 
branching fraction hypothesis. 

obsb

obsbs

QQ

QQ

b

bs
s N

N
LC

LCLC
<

<+ +==
..

....The confidence level (C.L.) for certain 
signal hypothesis is computed as: 
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Branching Ratio Upper LimitBranching Ratio Upper Limit 210.6 fb-1

0 0.5 1 1.5 2 2.5 3 3.5 4
0
1
2
3
4
5
6
7
8

Without Background Uncertainty

Including Background Uncertainty

BABAR
preliminary

)-4 10×Branching Fraction (

)
m

ax
-2

 ln
(Q

/Q

0 0.5 1 1.5 2 2.5 3 3.5 4
0

0.2

0.4

0.6

0.8

1
Without Background Uncertainty

Including Background Uncertainty

1 
- 

C
.L

.

)-4 10×Branching  Fraction (

Branching fraction upper limit at 90% C.L.

BR(B→τν) < 2.8 × 10-4

Central Value
415.1

08.1 1028.1)( −+
− ×=→τνBBR
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Combined ResultsCombined Results
The The hadronichadronic tag sample (81.9 fbtag sample (81.9 fb--11) ) is statistically independent is statistically independent 
of the of the semileptonicsemileptonic DD*0*0llνν tag sample (210.6 fbtag sample (210.6 fb--11))
A combined likelihood ratio estimator is created by taking the A combined likelihood ratio estimator is created by taking the 
product of the product of the semileptonicsemileptonic ((QQslsl) and ) and hadronichadronic ((QQhadhad) ) 
likelihood ratio estimator:   likelihood ratio estimator:   QQcombcomb = = QQslsl ××QQhadhad

Hadronic Tag and D*0lν Tag Samples     
BR(B→τν) < 2.6 × 10-4 at 90% C.L.

Central Value
495.0

90.0 1025.1)( −+
− ×=→τνBBR
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Limit at 90% CL on BR(BLimit at 90% CL on BR(B→τν→τν) from ) from 
Different ExperimentsDifferent Experiments

-410 -310 -210
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CLEO (1995)

L3 (1997)

DELPHI (2000)

CLEO (2000)

)
-1

Belle prelim (2004, 140 fb

)
-1

BABAR (2004, 82 fb

)
-1

BABAR prelim (2005, 211 fb

)ντ→BF(B

Y
ea

r SM

2H
D

M
-II

=
40)

β
=

140G
eV

, tan
H

(m
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Constraint on Constraint on ffBB

( )
2

2

2
222

2

1||
8 








−=→

B
ubB

BBF
SM m

mmVfmGBBR l
ll

π
τν

PDG 2004 valuePDG 2004 value

ffBB = (0.196±0.032)= (0.196±0.032) GeVGeV

Lattice QCDLattice QCD

fB < 0.41 GeV at 90% CL
Using PDG 2004 value Using PDG 2004 value 

||VVubub|=|= (3.67±0.47)(3.67±0.47)××1010--33
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Constraints on CKM ParametersConstraints on CKM Parameters
( )

[ ] ( ) 22

22

222

2

1)2/(1
1

ηρ
ηρ

λ
τν

+−
+

⋅
−

=∝
∆

→

td

ub

d V
V

m
BBR

|Vub|2/|Vtd|2 < 0.65

Analysis by the CKMfitter group (http://ckmfitter.in2p3.fr/)
Courtesy of Andreas Höcker

Constraint on (ρ,η) 
from BR(B→τν)/∆md in 
agreement with the SM

Current limit not 
sensitive enough for 
providing any new 
constraint in the (ρ,η) 
parameter space 
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Constraint on Charged Higgs MassConstraint on Charged Higgs Mass
Two Higgs doubletTwo Higgs doublet

model (type II) ( )
2

2

2
2tan1)( 










−×→=→

±

±

H

B
SM m

m
BBRBBR βνν ll model (type II) 

Using upper limit on BR(B→τν) 

12 )/(34.0tan −<
±

cGeV
mH

β

LEP excluded  
(90% CL)

Tevatron Run I (D0) (PRL 88, 151803, 2002)
Exclusions at 95% CL BaBar

exclusion 
from B→τν
search 

LEP excluded  
(90% CL)

Tevatron Run I (D0) (PRL 88, 151803, 2002)
Exclusions at 95% CL BaBar

exclusion 
from B→τν
search 
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ProspectProspect
415.1

08.1 1028.1)( −+
− ×=→τνBBR

Central value of the branching fraction on 210.6 fbCentral value of the branching fraction on 210.6 fb--11 using only using only 
DD*0*0llνν tagstags

Investigated the prospect of Investigated the prospect of 
using 1D likelihood fit on using 1D likelihood fit on EEextraextra

Extract combined branching Extract combined branching 
fraction and background fraction and background 
yields yields 
Statistical error on  Statistical error on  
BR(BBR(B→τν→τν)) ~0.70~0.70××1010--44

(from toy MC study for D(from toy MC study for D*0*0llνν tags at tags at 
210.6 fb210.6 fb--1 1 and BR(Band BR(B→τν→τν)=10)=10--44))

Expect similar sensitivity for Expect similar sensitivity for 
hadronichadronic tag analysis

)-1Luminosity (fb
200 400 600 800 1000

)
-4

 1
0

×
) 

(
ντ

→
E

rr
o

r 
o

n
 B

R
(B

0.5

1

1.5 νl*0D
 and Hadronicνl*0D

1D ML fit
 and Hadronicνl*0D

~5σ

The ML fit is currently not applied ⇒
not  enough  statistics for reliably model 
the background shapes

tag analysis
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SummarySummary
Search for BSearch for B→τν→τν decay using Ddecay using D*0*0llνν tags (on 210.6 fbtags (on 210.6 fb--11) ) 
performed. Bperformed. Branching fraction upper limit at 90% C.L.ranching fraction upper limit at 90% C.L.

BR(BBR(B→τν→τν) < 2.8 ) < 2.8 ×× 1010--44

Combined with statistically independent BaBar analysis Combined with statistically independent BaBar analysis 
for Bfor B→τν→τν search using hadronic tags (at 81.9 fbsearch using hadronic tags (at 81.9 fb--11). ). 
Upper limit at 90% C.L:Upper limit at 90% C.L:

BR(BBR(B→τν→τν) < 2.6 ) < 2.6 ×× 1010--44

Results are presented at Results are presented at MoriondMoriond EW 2005EW 2005
The most stringent upper limit so far. The most stringent upper limit so far. 
Constraints on Constraints on ffBB, |, |VVubub|/||/|VVtdtd| and charged Higgs | and charged Higgs 
parameters are obtained from the BR upper limit. parameters are obtained from the BR upper limit. 



BACKUP SLIDESBACKUP SLIDES



FNAL, 04/26/2005FNAL, 04/26/2005 6161

Branching Fraction Upper LimitBranching Fraction Upper Limit

2.82.81.81.8----CombinedCombined
21.321.316.316.3262621.6221.62±±3.013.01πππνπππν

90% C.L. (90% C.L. (××1010--44))UL on BR at  UL on BR at  Observed Events in Observed Events in Expected Expected BkgBkg. . ModeMode

3131
4545
2626
55
1717

OnOn--peak Data (peak Data (NNobsobs))

14.314.3
4.14.1
4.44.4
5.85.8
2.82.8

NNobsobs==NNexpexp

3.93.927.6927.69±±5.005.00πνπν

16.316.328.6028.60±±4.304.30ππνππν

7.37.333.3633.36±±5.115.11Failed PIDFailed PID

5.05.06.176.17±±1.721.72µννµνν

4.04.013.3513.35±±2.402.40eeνννν

OnOn--peak Datapeak DataEvents (Events (NNexpexp))

2.72.7eeνννν, , µννµνν, , πνπν, Failed PID, Failed PID
2.52.5eeνννν, , µννµνν, , πνπν, , ππππ00νν, , πππνπππν

2.42.4eeνννν, , µννµνν, , πνπν

3.13.1eeνννν, , µννµνν

UL (90% CL), OnUL (90% CL), On--peak Datapeak DataCombination of Modes Combination of Modes 
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Rare Rare LeptonicLeptonic B Decay ResultsB Decay Results

4.24.2××1010--77

∝∝ (m(mνν/m/mBB°°))22

∝∝ |V|Vtdtd||22/|V/|Vtsts||22

--

1.01.0××1010--1010

2.42.4××1010--1515

SM SM 
PredictionPrediction

6.6×10-6

PRL. 92, 221803 (2004)

2.2×10-4  

PRL 93, 091802 (2004) 

1.01.0××1010--4  4  

PRL (hep-ex/0411061)

5.25.2××1010--55

1818××1010--88

PRL (hepPRL (hep--ex/0408096)ex/0408096)

8.38.3××1010--88

6.1×10-8

Upper Limits from Upper Limits from 
BaBarBaBar (at 90% CL)(at 90% CL)

10-6 to 10-7 (Phys. Rev. D 
65, 015001 (2002)) 

BB→→
InvisibleInvisible

BB++→→KK++νννν

up to ×5 (Phys. Rev. D. 48, 
2342 (1993))

BB++→µ→µ++νν

BB00→→ee±±µµ++

~10~10--77

(Phys. Rev D 66, 074021 (2002))(Phys. Rev D 66, 074021 (2002))

BB00→µ→µ++µµ--

BB++→π→π++νννν

BB00→→ee++ee--

Predicted Rates inPredicted Rates in
NP ModelsNP Models

Decay Decay 
ModeMode

62.1
6.0 108.3 −+

− ×
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VVubub

Using WA for Vub :  BRSM(B→τν) = (1.53±0.58)×10-4
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Search for HSearch for H++

BR(t → Hb) < 0.7 @ 95% CL
(for 80 < M H <150 GeV)

σ tt
SM (th)

ε(t → Wb + t → Hb)
N expected vs N obs

L(m,BR(t → Hb),BR(H → cs ,Wbb ))

 

 
 
 

 

 
 

⇒

Gervasio Gómez
For the CDF 
Collaboration
Moriond EW 2005
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Rare decaysRare decays
B physics at the TevatronB physics at the Tevatron
Brad AbbottBrad Abbott
SLAC April 19, 2005

240 pb-1

95% CL

DDØØ: (B: (Bss →→ µµµµ) < 3.7 X 10) < 3.7 X 10--77

CDF(BCDF(Bss →→ µµµµ) < 2.0 X 10) < 2.0 X 10--77

CDF(CDF(BBdd →→ µµµµ) < 4.9 x 10) < 4.9 x 10--88

World’s best limitsWorld’s best limits
CDF new multivariate CDF new multivariate 

analysisanalysis

No strong MSSM limits No strong MSSM limits 
from Bfrom Bss. Too many . Too many 
MSSM parameters
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Physics Beyond the SM for   Physics Beyond the SM for   
BB00→→Invisible Decays  Invisible Decays  

Enhancement in BR(BEnhancement in BR(B00→→invisible). invisible). 
(Phenomenological model motivated by the observation of an(Phenomenological model motivated by the observation of an anomalous number of anomalous number of 
dimuondimuon events at the events at the NuTeVNuTeV experiment, Phys. Rev. D 65, 015001 (2002))experiment, Phys. Rev. D 65, 015001 (2002))

( ) 670
1

0 1010 −−≈→ toBBR χν

d

b
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1
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iν

0
1

~χ
Rb~

d

b
Ld~

0
1

~χ

iν

d

b
Ld~

0
1

~χ

iν

BaBar:   BR(B→invisible) < 2.2×10-4 at 90% CL   
(PRL 93, 091802 (2004))
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BB--factory Status : Bellefactory Status : Belle
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